Abstract. Large projects are increasingly adopting agile development practices, and this raises new challenges for research. The workshop on principles of large-scale agile development focused on central topics in large-scale: the role of architecture, inter-team coordination, portfolio management and scaling agile practices. We propose eight principles for large-scale agile development, and present a revised research agenda.
Introduction
Since the formulation of the agile manifesto in 2001, agile methods have transformed software development practice by strongly emphasizing change tolerance, evolutionary delivery and active enduser involvement [1] . Agile development has received widespread interest, resulting in a shift of patterns of thought. Scrum is now a de facto standard for development in many countries, and other methods like extreme programming (XP) and elements of lean software development such as Kanban are in widespread use. Rajlich describes agile development as a paradigm shift in software engineering that "brings a host of new topics into the forefront of software engineering research" [2] .
In the first special issue on agile development, in IEEE Computer, Williams and Cockburn [3] stated that agile methods "best suit collocated teams of about 50 people or fewer who have easy access to user and business experts and are developing projects that are not life-critical". The success of agile methods for small, co-located teams has inspired use in new domains: Companies increasingly apply agile practices to large-scale projects.
However, there are challenges with achieving the same productivity gains in these areas, as in the "home ground" of agile methods. Agile methods are based on the idea that high-quality software can be developed by small teams using the principles of continuous design improvement and testing based on rapid feedback and change [4] . As agile development techniques are used on large-scale projects, new challenges arise. "Agile in the large" was voted "top burning research question" by practitioners at the XP2010 conference [5] .
Fundamental assumptions in agile development are severely challenged when using these practices in large-scale projects. Self-management is a central principle in agile methods, but studies from other fields than software development indicate that self-management can reduce the ability to effectively coordinate across teams [6] . Also while the teams need to self-manage, team members need to have an effective knowledge network and collaborate closely with experts outside the team in large-scale agile [7] . To have an emerging architecture could hamper project progress when many teams are working in parallel, and some practices like the scrum of scrum has been found to be inefficient in large projects [8] . An international survey on agile adoption 2 shows that agile practice has primarily been successful in small teams.
To address these challenges with agile methods in large projects, we organized a workshop at XP2013 which resulted in a suggested research agenda [9] . At XP2014, we wanted to strengthen this line of 2 research and organized a workshop on "Principles of Large-Scale Agile Development." The aims of this workshop were to create a community of researchers interested in this topic, to deepen the knowledge through identifying potential principles of large-scale agile development and to revisit the research agenda defined in 2013.
The workshop included a keynote on "Characteristics and principles for large-scale agile development" by Maarit Laanti [10] and a second keynote on "The leader role in large-scale agile development" by Lars-Ola Damm. All workshop members were asked to define what they meant by 'large-scale agile.' Further, we had paper presentations and group discussions on four topics: Architecture, inter-team coordination, portfolio management and scaling. The assignment for groups during discussion was to identify main principles within each core area. After these discussions we revisited the research agenda and did a voting on what should be high priority topics.
In this summary of the workshop discussions and introduction to the papers from the conference, we start by defining what we mean by large-scale agile development, then introduce the papers in this postconference proceedings and add results from the workshop discussions to propose principles in the four areas architecture, inter-team coordination, portfolio management and scaling. Finally, we present the revised research agenda defined at the workshop. We hope this summary will inspire further research and provide valuable pointers to relevant research areas.
What is Large-scale agile development?
The term 'large-scale agile development' has been used to describe agile development in everything from large teams to large multi-team projects to making use of principles of agile development in a whole organization.
There is an established discussion on what constitutes agile software development, with Conboy [11] providing the most thorough discussion. He defines agility as the continuous readiness "to rapidly or inherently create change, proactively or reactively embrace change, and learn from change while contributing to perceived customer value (economy, quality, and simplicity), through its collective components and relationships with its environment."
How participants at the workshop defined large-scale agile development is shown in Table 1 . We see that many focus on aspects of size such as number of people involved in the development, lines of code in the solution, number of development sites, number of teams, to definitions such as "agile in larger organizations." Arguments for a definition based in the number of teams is presented in [12] , where largescale agile is defined as "agile development efforts with more than two teams."
This definition excludes agile methods applied in large organizations from 'large-scale agile', and we propose that this is considered as a research direction on its own. Table 1 . Definitions by workshop participants at XP2014.
Definitions of large-scale agile development
Over 50 developers OR 1/2 million lines of code OR more than 3 sites / time zones. Over 50 persons, over 5 teams, developing together the same product / project using agile method. Agile being applied to more than one team, one project, one product. Agile applied on the organisational level. Truly agile development in a context of more teams than one person can manage, and larger products than few teams can handle. When coordination of teams can be achieved in a new forum like a Scrum of Scrum forum. Several arenas are needed for coordination, like multiple Scrum of Scrums. Large teams --how to get everyone on board with framework. Big projects / Many people / Crucial to organisation / Customer focused / Flexible change / Many projects. It is when you don´t know everyone else working in the same project/product. Large-scale agile success depends on having the right structures in place "freedom to perform". Agile organisations are those that learn fast and are effective in creating value. Multiple teams working together in order to deliver software artefacts.
When the values/principles or practices scale, extends to other functions, units of a company, i.e. beyond team and projects (+ how it is done).
3
Driven by many needs and challenges in organisations. Emergent complex and adaptive approach, cultural based -a mind-set.
Towards Principles of Large-scale agile development
The workshop focused on four aspects of large-scale agile development: Architecture, inter-team coordination, portfolio management and scaling: Architecture Some of the critique of agile development and in particular of large-scale agile development has been how architecture is managed in such development efforts. Nord et al. [13] takes the position that agility is enabled by architecture, and architecture is enabled by agility. Architects work on three key concerns: Architecture of the system, the structure of the development organization and the production infrastructure. They identify a set of architectural tactics, which guide the alignment of the three concerns. Further advice to organising architectural work in large-scale agile development is provided by Eckstein [14] , who argue that architectural work should be organized, depending on the number of changes and the level of uncertainty. Based on the above mentioned arguments and discussions at the workshop, we propose the following principles:
1. Architecture has a key role in defining how work is coordinated in large-scale development efforts. 2. The level of change and level of uncertainty will influence how the architecture work should be organized.
Inter-team coordination
A number of measures are important to coordinate teams in large-scale development efforts. Paasivaara et al. focus on the importance of defining common values through a study of an agile transformation project [15] . The article describes how value workshops were used to define common values, agree on interpretations and define behavioural implications. A similar approach is described by Nyfjord et al. [16] , who focus on establishing common norms or conventions like "speaking the teams language". At the workshop, discussions in several groups focused on the importance of knowledge networks to achieve inter-team coordination. In large-scale development, the needs for coordination of work appear on two levels -the team's level and between the team and the rest of the organization. Team members need to collaborate effectively within the team to accomplish their tasks, but also with experts outside the team, e.g. designers, architects, infrastructure personnel, and other stakeholders. Large-scale development needs an effective knowledge network.
Based on the articles and discussions at the workshop, we propose the following principles to achieve inter-team coordination in addition to standard mechanisms like the scrum-of-scrum meetings:
3. Common norms and values facilitate inter-team coordination. 4. Effective knowledge networks are essential in large-scale development due to the knowledgeintensive nature of software development.
Portfolio management
Agile project portfolio management is about handling several agile projects in the same portfolio. In traditional project portfolio management, the portfolio consists of a set of projects executed in isolation from each other and the changing environment [17] . However, in agile software development this is not valid as projects are flexible, feedback driven, and embracing change even at the end of the project. A new request from a client on a single project, may affect the portfolio as a whole. Controls are essential when managing a project portfolio. Controls can be understood as an attempt by the organization to influence people to take actions and make decisions, which are consistent with the goals of the organisations. Controls can be formal and informal. The informal control is contained by the development group (clan) and the individual's ability to monitor and evaluate it selves according to the acceptable behaviour.
Agile project portfolio management can also be seen as handling a dynamic non-linear system. The theory of Complex-adaptive systems (CAS) can be used to study such systems [17] . In CAS selforganization emerges as agents interacts through simple rules that can change and adapt. Feedback is the driving force of change.
Based on the article by Sweetman et al. and the discussion in the workshop, we propose the following principle of large-scale agile portfolio management: 4 5. Continuously feedback from the portfolio to project levels enables the teams and project members to take decisions that are consistent with the goals of the large-scale agile portfolio. 6. Continuously feedback from the project level to the portfolio level enables changing the portfolio to optimise the value of the large-scale agile portfolio.
Scaling
Applying principles of large-scale agile development, requires an understanding of the term "scaling". Without a proper understanding of the term, inappropriate methods may be applied. Power [18] argues that there are three contexts of agility and scale: 1) agile use in a large organisation 2) agile used in a large development effort in a large organizations, and 3) the large organization it selves is agile. Understanding the context is essential when choosing the right approach for improving the agility of the teams and organization. Eklund et al. [19] argues that scaling agile software development in embedded systems is a question of scaling agile in two dimensions: First increasing the involved number of teams and utilize agile practices for mid-and long-range planning such as release planning and road mapping. Second, scaling the system engineering activities executed in each sprint, to a truly iterative practice instead of a stage-gated planned approach. A cross-functional team must have the ability or support to perform activities at several abstraction levels in a systems engineering V-model in each iteration or sprint.
Based on the article by Power [18] and Eklund et al. [19] and the discussion in the workshop, we propose the following principle of large-scale agile portfolio management:
7. Describing the context for agility and scale is essential for understanding how to improve agility in large-scale agile. 8. For large-scale embedded systems development, agility should scale both with respect to the number of involved teams, and the systems engineering activities in each iteration due to the co-dependency of software and hardware development.
Revised Research Agenda
In the workshop, the researchers and practitioners revisited the research agenda defined in 2013 [9] . The research agenda was first presented and then the topics where discussed both from an academic and a practitioner perspective. The research agenda was then modified before topics were given priority by the workshop participants. The topics included on the agenda were categorized as high or medium priority. With the suggested research agenda in Table 2 , we hope this will foster a continuous discussion over research agenda, and be an inspiration for future research.
